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Double-Beta Decay
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Neutrinoless Double-Beta Decay (OVf3]3)

® |[fseen:
® |epton-number violation
® V-mass measurement

® How to find it!?

® Find an isotope (e.g. 7¢Ge, Q-

value 2039 keV)

® Make a detector out of it.

® Reduce backgrounds.

® Wiiit.
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The MAJORANA Collaboration
Goals

Actively pursuing R&D aimed at a ~| tonne scale 7°Ge

Ov[B-decay experiment
® TJechnical Goal: Demonstrate backgrounds low enough to justify
building a tonne-scale experiment

® Science Goal: Build a prototype module to test the recent claim
of an observation of OV

® Opportunistic Science: Explore physics enabled by choice of
detector technology

® (Cooperation: Partner with GERDA, sharing resources (e.g.
analysis tools, simulation), eventual technology down-select
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Towards the goals:
MAJORANA DEMONSTRATOR Module

35-40 kg of detectors, focusing on p-type point-contact detectors (PPCs)
Low-background cryostats: ultra-clean, electroformed Cu

Compact low-background passive Cu and Pb shield with active muon veto
Located underground, 4850’ level of Sanford Lab / DUSEL.

Michael G. Marino 7 RPM, LBL 5 Aug 2010



Point-Contact Detectors

® P-type Point-Contact (P-PC)

® Geometry: low-capacitance, noise; long-charge drift times

Luke et al., IEEE trans. Nucl. Sci. 36 ,926(1989).
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Background reduction

® Long drift times: multi-site rejection, OVB single-site interaction

Ch1¢ 100mY Q Ch24  100mY Q M 400ns 1.25GS/s 800psiht Ch14  100mY Q Chz4
A Ch1 ~ -120mY A Ch1 ~ -120mY

Barbeau, et al. JCAPQ09 (2007) 009
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Background reduction

® | ong drift times: multi-site rejection
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Background reduction

® L|Low noise, low
threshold (< |keV)

® X-ray tagging (enhanced
%8Ge rejection)

® | ow-energy physics

counts / keV kg day

Aalseth, et al,, PRL 101,251301 (2008)
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Background Reduction: 8Ge

€, T1/2 =271 d €, T1/2 —68 m, Q:2921 keV
58 Ge + 58Ga - 687n

Goal: Tag °®Ge when it initially decays, veto for a few °®Ga half-lives.

°®Ge decays | Percent | Energy (keV)
K-capture 86.4% 10.3
L-capture 11.5% 1.3
M-capture 2.0% ~0.1
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Low Threshold > Opportunistic Science
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P-PC Detectors for Dark Matter
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Dark Matter L|m|ts
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http://dmtools.brown.edu
http://dmtools.brown.edu

More exotic DM interactions:
axioelectric effect
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http://arxiv.org/abs/0903.5068v1
http://arxiv.org/abs/0903.5068v1

MAJORANA (R&D) Detectors

UGhsa% 50 044
(E,:;lgl'") 50 mm & x 50 mm
(IS_EgI(_:) 62 mm @ x 44 mm
(kﬂﬁglc;) 72 mm @ x 37 mm
((K/IR:JEI(S) 62 mm @ x 46 mm

U(ggigaeg);o “standard”

(MirI;EIID\IIID_CS) 20 mm @ x 10 mm

(Bi;)l;:l(_;e) 90 mm @ x 25 mm

(MJLQII\E”C_SeS) 70 mm @ x 30 mm

|0-20 kg of these
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MAJORANA (R&D) Detectors

UChicago 50 m@gx44amm 460g 1.82keV Canberra 28
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|0-20 kg of these
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Introduction Summary

® P-PC detectors have characteristics

beneficial to OVBP, but also to searching for
Dark Matter

® Physics results possible from small
detectors: Table-top Dark Matter
Experiments!?

® [he Majorana experiment is currently
pursuing R&D with P-PC detectors: good
opportunity for thesis work!
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Qutline

® P-type Point Contact (P-PC) germanium
detectors for the MAJORANA experiment

® R&D detectors in Soudan, MN
® Pacific Northwest National Lab P-PC

® University of Chicago BEGe
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PNNL P-PC R&D Detector

® Oiriginally deployed underground at Soudan,
MN.,, by J. Orrell et. al from PNNL

® Made available to collaboration for R&D
® My goals:

® Develop and test a MAJORANA-like data
acquisition (DAQ) system in a “low’-
background, deployed environment

® Setup an analysis framework using tools
developed for MAJORANA

® Get physics results?

Michael G. Marino 21 RPM, LBL 5 Aug 2010



Slide: J. Orrell
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Some run vitals

® Ran for ~6 months
® DAQ,Analysis chain tests
® Counting runs

® Acquired 70.4 days of livetime

Michael G. Marino 24 RPM, LBL 5 Aug 2010



Measured Trigger Efficiency
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Raw Energy Spectrum
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Rise-time vs. Energy
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10-90 Risetime (us)
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Slow pulse origin

® |ncomplete charge collection near the dead

layer?
n-l-
Strauss and Larsen, NIM 56 b
(1967) p. 80 Ir
< I}G——-—p"'

Sakai, IEEE Trans. Nucl. Sci. I8
(1971) p.208
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Slow pulse origin

® |ncomplete charge collection near the dead
layer?

7IGe (~I1 day
half-life) decays &0

in a similar P-PC 500
detector £, 400
300

I|IIII||III|IIII|IIII|IIII|IIII|IIII
-
——

2 4 6 8 10 12 14
Figure arXiv:1002.4703v2 [astro-ph] Energy (keV)
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Slow pulse origin

® |ncomplete charge collection near the dead
layer?

104':'”‘-"-------.E —— MI — ,I - I10.3|6 kleVIpeellk |
1Ge (~11 day 2 103%-...._,,,, o eV peax E
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Figure arXiv:1002.4703v2 [astro-ph] days underground
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Conclusions from Soudan

e DAQ:

® Trigger performance insufficient for low-energy
threshold

® Must explore other DAQ options
® Analysis chain

® Stably run for ~| year, flexible implementation
® Physics

® Slow pulses, a source of background?

® Backgrounds/threshold too high for DM analysis

Michael G. Marino 31 RPM, LBL 5 Aug 2010



Qutline

® P-type Point Contact (P-PC) germanium
detectors for the MAJORANA experiment

® R&D detectors in Soudan, MN
® Pacific Northwest National Lab P-PC

® University of Chicago BEGe

Michael G. Marino 32 RPM, LBL 5 Aug 2010



Address deficiencies

® A - B swaps:

® New detector with lower background:
Canberra Broad-Energy Germanium
detector BEGe (U Chicago, J. Collar)
(0.44 kg)

® |nternal shield changed to ancient Pb
® Swap DAQ to one with low threshold

® Plug in to existing Analysis chain

Michael G. Marino 33 RPM, LBL 5 Aug 2010



Run information

® Underground since Aug 2009
® DAQ deployed Dec 2009

® Results from first 2 months: arXiv:
1002.4703v?2

® This talk: preliminary analysis from ~150 days
livetime
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Triggering efficiency
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Background reduction

® Microphonics cuts - analyze ratios of
shaped channels (Morales, et al., NIM A
321 (1992) 410)

® Rise-time cuts - Previous results indicated
slow-pulse ‘contamination’
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Rise-time measurements

| Rise time (us): 1.164833, Amplitude (keV): 0.855480
1

000000

000000

[

00000000000000000000

| Savitzky-Golay Derivative

Current (a.u.)

0000000

0000000

Wavelet denoising to measure rise-times at low S/N
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Rise-time studies,
estimating efficiencies
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Voltage (V)
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Simulation

—

.
----------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

-
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

_— T Raaniaaaaanasnaninssdassssannunnuaaisasaatadsaansnnnsnuaannnss Fesanaaaaanaanaa el e R RN AR RR A e e Nsaacasusassasssnsassnnann

7)) s s G K s e s A e e s e e R X s — 104
= 0 . s =
g B D R S —
= e e e L i e e ol s =
@ SR SO RN SN USSR AN

- _—

o

Y

o

F

..................................................................................

-1 : : : - : 2
............................................................................................................................
T B e R R S X S

------
SR T R L

-------
...................................................................................................................................
B . .

o R o B i T e e s R

-------
.......................................................................................................................................

........................................................................................................................................

R R R R R O T T I R R L T

Energy (keV)
Line is calculated 99% acceptance contour

Michael G. Marino 40 RPM, LBL 5 Aug 2010



Compare to data
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Events

80

70

50

30

20

10

Check cut against data

® Take cut
® Fit spectrum (peaks + exponential + flat background)

® Extract component amplitude information
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Events
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Check cut against data

® Take cut
® Fit spectrum (peaks + exponential + flat background)

® Extract component amplitude information  68Ge
657 68(Ga / 73A¢
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Check cuts against data
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Check cuts against data
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Check cuts against data
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Rise-time summary

® Cuts work well to at least | keV,

acceptance efficiency good estimation >
70%

® Fiducial volume cut: 0.4 — 0.33 kg active
mass

® Further quantitative tests underway to
Investigate origin
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Spectrum after cuts
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Events
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Other systematic tests

| Energy Range (keV): 0.5 — 1

180_—
g160_
E T
140

120

® Rate tests - ensuring

80

that count rate is
Poisson

® [ime correlations Energy range (keV): 05— 1

® Parameters over
time
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Time between events (h)
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Extracting WIMP limits

45—
® ML-based 10y _
exclusion *
- 3, s0f
calculation g 3
Q 25 8
2 20 ="}
® Background E oo
. (&) 15:— ‘
uncertainty s
handled as 5= [ bt }
: S/ G & oo W S A R G
nuisance pars: 85 . 25 3 35
Energy (keV)
Rolke, et al., NIM A 551 (2005) 493 90% CL exclusion of

8 GeV WIMP
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Low-mass WIMP I|m|ts

Black:

solid 70% RT cut
dashed 95% RT cut

CDMS, 612 kg-d

DAMA, 30,
allowed region

Cross—section [sz] (normalised to nucleon)

CDMS Collaboration, arXiv:0912.3592;
DAMA Collaboration, EP] €56 (2008), 333,
arXiv:0804.2741
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AXxioelectric Limits
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Conclusions

® P-type Point Contact detectors have

properties beneficial to OVBP and are
sensitive to dark matter.

® P-PC detectors can exclude space in low-
mass VWIMP region

® P-PC detectors have good sensitivity to the
axioelectric effect.
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Thanks

® Soudan work:
® CoGeNT collaboration

® | Collar (UC),]. Orrell (PNNL), M. Miller
(UW), J. Wilkerson (UNC)
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What about MAJORANA!

® Assumptions:
® Flat background: 0.00] counts/keV/kg/d

® background from 3H, assumed
exposure |5 days, 200 atoms/kg/day
production

® 20 kg array, |-5 yrs exposure
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What about MAJORANA!

MAJORANA with
thresholds 0.3
and 0.5 keV

Plot generated using DMTools,
http://dmtools.brown.edu

LUX 300: http://lux.brown.edu/experiment_sens.html

SuperCDMS Phase A: NIM A 559 (2006) 411
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What about MAJORANA!

1011 ~

MAJORANA with

0.3 keV threshold, | ‘
20 kg-yr, 100 kg- [
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Globular clusters: PRD 51 (1995) 1495
Axion abundance, gamma bkgd: PRD 78 (2008) 115012
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